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Fig.2
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Fig.4 (a)
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Fig.5 (a)
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Fig.6 (a)
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Fig.8
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Fig.11 (PRIOR ART)
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Fig.12 (a) (PRIOR ART) 1
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Fig. 13 (a) (PRIOR ART)
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METHOD OF EVALUATING CAPACITANCE
VYALUE OF CAPACITOR ON
SEMICONDUCTOR SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to an apparatus for and a
method of evaluating surface irregularity, and more particu-
larly to an apparatus for and a method of evaluating the
surface 1rregularity, wherein the surface of an amorphous
silicon film provided with hemispherical grains 1s monitored
in degree of surface irregularity.

The present application claims the priority of Japanese
Patent Application No. Heise1 10-037454 filed on Feb. 19,
1998, which 1s hereby incorporated by reference.

2. Description of the Related Art

In recent years, an integrated circuit of silicon
semiconductors, particularly, DRAM (i.e., Dynamic Ran-
dom Access Memory) shows in general a tendency to higher
integration. As the higher integration of the semiconductor
circuit reduces an effective area for forming a capacitor,
various attempts have been made so as to increase an
clectrode area by modifying in structure the capacitor.

For example, H. Watanabe et. al have proposed a method
for increasing a surface by forming hemispherical grains
(i.c., HSG-Si: Hemispherical Grain Silicon) in a surface of
an electrode, as disclosed in the following document: “A
new stacked capacitor structure using hemispherical-grain
polysilicon electrode”, 22nd Conference on Solid State
Device and Materials p. 873, 1990. A technique for forming
the HSG-S1 mentioned above 1s a technique for increasing a
surface area by producing geometrical irregularity 1n a clean
surface of a silicon layer through thermal, migration of
silicon atoms to such surface.

FIG. 11 1s a cross-sectional view of a DRAM, which

includes a capacitor provided with a stacked electrode
having the HSG-51 formed 1n its electrode surface. As shown
in the same drawing, the DRAM 1s constructed of: an
interlayer insulation film 109 of a device forming substrate
117, formed in which are an insulated-gate ficld effect
transistor, a bit line 108 and a word line 104bH; and, a
capacitor 118, an interlayer insulation film 114, an aluminum
wiring 115 and a cover insulation film 116 all of which are
sequentially stacked together in the order of mention. The
capacitor 118 1s brought into contact with a source/drain
diffusion region 1054 through a contact hole 110 passing
through both the imnterlayer insulation films 106, 109 of the
device forming substrate 117. Incidentally, the device form-
ing substrate 117 is constructed of: an SOI (Semiconductor
On Insulator) substrate 101 in which a device forming
semiconductor layer 3 1s formed on a support substrate 1; a
device separating insulation film 102 formed on the SOI
substrate 101; a gate msulation film 103 and a gate electrode
1044 both disposed above the device forming semiconductor
layer 3; a gate (word) wiring 104b disposed, over the device
separating insulation film 102; a pair of the source/drain
diffusion regions 1054, 105b disposed 1n opposite sides of
the gate electrode. 1044; the interlayer insulation film 106
covering these source/drain diffusion regions 105a, 1055b;
the bit line 108 brought into contact with the source/drain
diffusion regions 10556 through the contact hole 107 Of the
interlayer insulation film 106; and, the interlayer mnsulation

f1lm 109 disposed on the bit line 108.

The capacitor 118 1s constructed by sequentially stacking,
together a stacked electrode 111 of an amorphous silicon
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2

(a-S1) film 4, a capacitance msulation film 112 and a counter
electrode (cell-plate electrode) 113 in the order of mention.
Formed 1 the surface of the a-S1 film 4 of the stacked

clectrode 111 are hemispherical grains 5.

In fabricating the capacitor 118 described above, at first,
the device forming substrate 117 1s produced.

Then, as shown in FIG. 12(b) the contact hole 110 is
formed 1n the interlayer insulation films 106, 109 so as to
reach an upper portion of the source/drain diffusion region.
105a. Subsequent to this, the a-S1 film 4a which 1s brought
into contact with the source/drain diffusion region 1054
through the contact hole 110 1s formed using a low pressure
CVD process. After that, as shown in FIG., 13(a), the a-Si
film 4a 1s subjected to a pattering process to assume the
same shape as that of the stacked electrode 111. Then, the
a-S1 film 4 thus assuming the same shape as that of the
stacked electrode 111 1s heated under a reduced pressure,
subjected to a S1,H, gas 1n this condition, and then subjected
to a nitrogen gas. Due to this, as shown in FIG. 13(b), the
hemispherical grains 5 are formed 1n the surface of the a-Si
film 4 so that the stacked electrode 111 1s produced. Sub-
sequent to this, both the capacitance msulation film 112 and
the counter electrode 113 are formed on the stacked elec-
trode 111 so that the capacitor 118 1s produced. After that,
through the conventional predetermined process steps, the

DRAM as shown 1n FIG. 11 is produced.

In mass-producing the DRAM mentioned above, 1n order
to reproduce a predetermined capacitance value of the
capacitor 18, 1t 1s very important to evaluate the degree of
irregularity of the surface of the a-S1 film 4 immediately
after the formation of the hemispherical grains 5 in the above
surface.

Heretofore, as a method for evaluating the degree of
irregularity of the surface, it has been known to measure the
capacitance value of the capacitor actually produced by
forming both the capacitance insulation film and the counter
electrode on the stacked electrode 111 after the formation of
the hemspherical grains 5. Further, 1t has been also known
to monitor the mrregularity of a surface of a test specimen
through reduction in reflectance by measuring the reflec-
tance of white light having been incident on the surface of
the test specimen having the irregularity. In a further another
conventional method, the degree of 1rregularity of the sur-
face of the test specimen 1s evaluated through reduction in
reflectance by measuring a secondary X ray with the use of
a detector disposed 1n the side of reflection 1n a condition 1n
which a monochromatic X ray 1s 1ncident on the surface of
the specimen at an angle of less than a critical angle, and,
therefore totally reflected (see Japanese Patent Laid-Open
Application No. Hei4-15933). In a still further another
conventional method, as shown in FIG. 14(b), a light beam
having a wavelength of less than 500 nm 1s incident on a
surface of a test specimen, the surface being provided with
irregularity. After that, as shown in FIG. 14(a), the light
reflected from the above surface 1s measured 1n intensity to

evaluate a capacitance value of a capacitor (see Japanese
Patent Laid-Open Application No. Hei8-254415).

The conventional method, 1n which the degree of the
irregularity of the surface of the test specimen 1s evaluated
by measuring the capacitance value of the capacitor actually
produced, 1s the most reliable method. However, 1in such
conventional method, 1t 1s necessary to form the capacitance
insulation film by deposition, and further necessary to form
the counter electrode after the formation of the hemispheri-
cal grains (i.e., HSG-Si: Hemispherical Grain Silicon). Due
to this, patterning of both the counter electrode and an




US 6,568,243 B1

3

extension for use 1 measurement 1s required, which causes
the inconvenience of taking too much time and labor.
Consequently, the conventional method 1s not very suitable
for monitoring the surface irregularity in mass production.

On the other hand, another one of the conventional
methods which uses the white light to measure the reflec-
tance 1s simple, and, therefore suitable for monitoring the
surface 1rregularity in mass production. However, when
such conventional method 1s used as to the a-Si1 film, since
the light used 1s visible light, the light passes through the
silicon and 1s reflected at a boundary surface between the
a-S1 film and a film to produce, a reflected light. This
reflected light varies intensity, depending on the optical
properties of the material under the a-S1 film. In addition to
this, the light reflected at the boundary surface may interfere
with light reflected at a surface of the a-S1 film. Due to this,
the reflectance 1s affected by both the thickness of the a-Si
film and variations in optical constants. Due to this, a
problem arises 1n that the conventional methods are poor in
accuracy when used to monitor fine wrregularity of the
surface.

Further, there 1s another conventional monitoring method
which uses the X-ray. In this method, problems arise in that
its measuring spot can’t be sufficiently reduced 1n diameter
and that the X-ray radiates to a semiconductor device to
excite electrons 1nside the device, which produces a new
clectron/hole pair it a channel portion of a transistor dis-
posed under a capacitor, and, therefore impairs the perfor-
mance of the device. Consequently, 1t 1s not adequate to
apply this method to a process for manufacturing a product.

There 1s further another conventional monitoring method.
In this method, light with a wavelength of equal to or less
than 500 nm not capable of passing through a silicon layer
1s radiated to have 1its reflected light monitored. Since this
method 1s not influenced by the thickness of the silicon layer
and 1ts substrate, this method 1s considered to be adequate 1n
application. However, in measuring a test sample on which
a pattern as shown in FIG. 14(b) is formed, in case that the
pattern 1s too small in size relative to the radiation light, a
transparent {ilm having 1ts portions partially disposed out-
side the pattern, and, therefore exposed them to the light
produces interference components. Due to the presence of
these interference components, as shown in FIG. 14(a), the
reflected light 1s widely varies in intensity according to its
wavelength. As a result, another problem arises in that this
method 1s poor 1n measurement accuracy.

SUMMARY OF THE INVENTION

Under such circumstances, the present mmvention was
made. Consequently, it 1s an object of the present invention
to provide an apparatus for and a method of evaluating
surface 1rregularity, which 1s not influenced by material of a
specimen, 1s capable of obtaining a sufficient accuracy in
measurement and further capable of preventing a semicon-
ductor device and like elements from deteriorating in per-
formance.

According to a first aspect of the present invention, the
above object of the present invention 1s accomplished by
providing

an apparatus for evaluating a surface of a test specimen,

comprising:

a plate-like element capable of moving in a condition 1n
which 1t 1s brought into contact with the surface of
the test specimen, the plate-like element being pro-
vided with a contact surface through which it is
brought into contact with the surface of the test
specimen;
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a driving means for imparting a force for moving the
test specimen or the plate-like element to the test
specimen or to the plate-like element; and

a converter means for detecting a force received by the
test specimen or by the plate-like element and for
converting the force thus detected 1nto a parameter
such as a friction coeflicient and like parameters
cquivalent to the friction coeflicient.

According to a second aspect of the present invention,

the converter means 1s constructed of a piezoelectric
clement fixedly mounted on the test specimen or on the
plate-like element.

According to a third aspect of the present invention, the
above object of the present mvention 1s accomplished by
providing:

a dropping-fluid means for dropping a fluid on the surface

of the test specimen mounted on a specimen table;

a driving means for tilting the specimen table; and

a measurement means for measuring an inclination angle
of the specimen table having been tilted.
According to a fourth aspect of the present invention,

the driving means 1s constructed of a stepping motor; and

the measurement means for measuring the inclination
angle of the specimen table i1s constructed of a means
for detecting an angular position of the stepping motor.
According to a fifth aspect of the present invention, the
above object of the present mvention 1s accomplished by
providing
a method of evaluating a surface of a test specimen,
COmprising:
evaluating 1n surface irregularity, particularly 1n size
and 1n density, the surface of the test specimen by
measuring a static friction coefficient or a Kinetic
friction coeflicient in the surface of the test speci-
men.
According to a sixth aspect of the method of the present
mvention,

the surface of the test specimen i1s constructed of a
semiconductor {1lm which 1s provided with hemispheri-
cal grains 1n 1its surface.

According to a seventh aspect of the present invention,

a plate-like element 1s mounted on the surface of the test
specimen, the plate-like element being provided with a
contact surface;

in a condition in which the plate-like element has the
contact surface brought into contact with the surface of
the test specimen, the test specimen or the plate-like
clement 1s moved from rest, so that a force received by

the test specimen or by the plate-like element 1s
detected;

whereby a static friction coeflicient or a kinetic friction
coellicient 1n the surface of the test specimen 1s mea-
sured.

According to a further aspect of the present mnvention,
fluid 1s dropped on the surface of the test specimen;

the test specimen 1s tilted to measure an 1nclination angle
at which the fluid begins to tlows;

whereby a static friction coefficient 1n the surface of the
test specimen 1s evaluated.
According to a further aspect of the present invention,

a surface area of an electrode of a capacitor formed on a
semiconductor substrate or a capacitance value of the
capacitor 1s evaluated by measuring the static friction
coellicient or a kinetic friction coetficient 1n the surface

of the test specimen.
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According to a further aspect of the present invention,

a static friction coethticient or a kinetic friction coethicient
1 a surface of a conductive film or of an insulation film
each formed on a semiconductor substrate 1s measured;

whereby the surface of the conductive film or of the
insulation film 1s evaluated 1n surface irregularity, par-
ticularly 1n size or in density.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and features of
the present invention will be more apparent from the fol-
lowing description taken in conjunction with the accompa-
nying drawings 1n which:

FIG. 1 1s a schematic diagram of the apparatus for
evaluating surface irregularity, which 1s used 1n the method
of evaluating the surface irregularity according, to a first
embodiment of the present invention;

FIG. 2 1s a graphic illustration of the relationship between
the degree of surface wrregularity and the voltage generated
in the piezoelectric element, obtained by the method of the
present mvention according to the above first embodiment,
wherein the voltage corresponds to the frictional coetficient
of the surface;

FIG. 3 1s a graphic illustration of the relationship between
the increment rate 1 capacitance of the capacitor and the
voltage generated 1n the piezoelectric element 1n the surface
of the stacked electrode, obtained by the method of the
present mvention according to the first embodiment;

FIGS. 4(a) and 4(b) show first cross-sectional views of the
semiconductor 1n manufacturing the DRAM by the method
of the present mvention according to the first embodiment,
1llustrating the processing steps of the method of the present
mvention;

FIGS. 5(a) and 5(b) show second cross-sectional views of
the semiconductor 1n manufacturing the DRAM by the
method of the present invention according to the first
embodiment, illustrating the processing steps of the method
of the present 1nvention;

FIGS. 6(a) and 6(b) show third cross-sectional views of
the semiconductor 1n manufacturing the DRAM by the
method of the present invention according to the {first
embodiment, illustrating the processing steps of the method
of the present invention;

FIG. 7 shows a fourth cross-sectional view of the semi-
conductor in manufacturing the DRAM by the method of the
present 1vention according to the first embodiment, 1llus-
frating the processing steps of the method of the present
mvention;

FIG. 8 1s a schematic diagram of the apparatus for
evaluating surface wrregularity, which 1s used in the method
of evaluating the surface irregularity according to a second
embodiment of the present invention;

FIG. 9 1s a graph showing the relationship between: the
filting angle of the test sample table at a time when a fluid
begins to flow, corresponding the degree of the irregularity
of the surface of the aluminum film; and, the temperature at
which the aluminum film 1s formed, the graph being
obtained by the method of the present invention according to
the above second embodiment;

FIGS. 10(a) and 10(b) show cross-sectional views of the
semiconductor 1n manufacturing the DRAM by the method
ol the present invention according to the second
embodiment, illustrating the processing steps of the method
of the present invention;

FIG. 11 shows 1n construction a cross-sectional view of
the DRAM fabricated by the conventional method for fab-
ricating the DRAM;
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FIGS. 12(a) and 12(b) show first cross-sectional views of
the semiconductor in manufacturing the DRAM by the
conventional method, illustrating the processing steps of the
conventional method;

FIGS. 13(a) and 13(b) show second cross-sectional views
of the semiconductor in manufacturing the DRAM by the
conventional method, illustrating the processing steps of the
conventional method;

one of steps of a method of producing the vertical type
MISFET,;

FIG. 14(a) is a graph showing the results of measurement
of the degree of the surface wrregularity performed by the
conventional method for evaluating the surface irregularity;
and

FIG. 14(b) is a cross-sectional view of the semiconductor,
illustrating the processing steps of the conventional method.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, referring to the drawings, various preferred embodi-
ments of the present mvention will be described 1n detail.
Re: a First Embodiment of the Present Invention:

FIG. 1 shows a schematic diagram of an apparatus, 1.c.,
measuring apparatus for evaluating surface irregularity,
which 1s used in a method, 1.e., monitoring method of
evaluating the surface irregularity of an article, according to
a first embodiment of the present invention.

The first embodiment of the present invention 1s based on
the principle that 1t 1s possible to evaluate the surface
irregularity of the test specimen 1n size and density on the
basis of the degree of coeflicient of friction. Namely, 1n
ogeneral, the surface wrregularity of the test sample has a
tendency to decrease 1n size and density as the coetficient of
static Iriction u, decreases. In other words, the surface
irregularity of the test sample has a tendency to increase in
size and density as the coeflicient of static friction wu,
INcreases.

As shown 1n FIG. 1, the measuring apparatus of this first
embodiment 1s constructed of a measuring portion 51, a
sensor portion 52 and a drive portion 53.

The measuring portion 51 1s constructed of: a support
table 201 for supporting a sample to be measured (or
evaluated); and, a trailer (i.e., plate-like element) 203, which
1s brought 1nto contact with and moved along a surface of the
sample. The trailer (i.e., plate-like element) 203 has at least
a part of 1ts surface bought 1nto contact with the sample 202
and 1s made of quartz. The sensor portion 52 (which is
means for detecting a force to which the plate-like element
203 1s subjected, and for converting the thus detected force
into a parameter 1dentical in characteristics, with the coel-
ficient of friction) is constructed of: a piezoelectric element
205 fixedly mounted on the trailer 203 through a fixture
means 204; and, a voltage measuring mstrument 206 pro-
vided with an amplifier and a voltmeter, the amplifier being
connected with the piezoelectric element 2085.

On the other hand, the driving portion (or means) 53 is
constructed of: a pull wire 207 connected with the piezo-
clectric element 205; a reel 208 for taking up the wire 207;
a gear 209 for transmitting rotational movement of a motor
210 to the reel 208; and, the motor 210 connected with the
ogear 209, for drive the trailer 203 through the piezoelectric
clement 205, pull wire 207, reel 208 and the gear 209.

In the measuring apparatus of the present invention hav-
ing the above construction, when the trailer 203 1s moved,
the pull wire 207 connected with the piezoelectric element
205 1s stretched to produce a tension (i.e., force for driving
the plate-like element). Due to occurrence of such tension,
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the piezoelectric element 205 connected with the pull wire
207 generates a voltage (which is identical in characteristic

with the coefficient of friction). This voltage is measured by
the voltage measuring 1nstrument 206.

Now, the principle of measurement 1n the measuring,
apparatus of, the present invention will be described 1n
detail.

First, the trailer 203 1s put on the silicon layer 11 on the
support table 201 1n a manner such that the trailer 203 had
its quartz surface brought into contact with the surface of the
silicon layer 11. Then, the motor 210 of the drive portion 53
1s energized to rotate, so that the trailer 203 1s moved from
rest to slide on the surface of the silicon layer 11 at a
predetermined value of the velocity v.

At this time, 1n order to move the trailer 203 from rest, a
force F,, which is given by the following equation (1) and
corresponds to the static friction coeflicient . of a surface
being measured, 1s required:

Fo=pigN (1)

Where: N is a normal force (m-g)

m 1S the mass of the trailer; and

o 1S a gravitational acceleration.

This force F, 1s generated by the motor 210, and trans-
mitted to the pull wire 207. Due to this, a voltage propor-
fional to the force F, 1s generated in the piezoelectric
clement 205 connected with the pull wire 207.

Further, as shown in the following equation (2), after start
of the trailer 203, 1n order to keep a constant value of the
velocity v, it 1s necessary to continuously pull the trailer 203
with a force F corresponding to the kinetic friction coeffi-
cient u# of the surface being measured. The force F required
to keep the constant velocity v of the trailer 203 varies in
accordance with the kinetic friction coetficient i, as follows:

F=uN (2)

Consequently, the piezoelectric element 205 may generate
a voltage proportional to the force F. The voltage thus
ogenerated 1s amplified by the amplifier of the voltage mea-
suring 1nstrument 206 connected with the piezoelectric
clement. The thus amplified voltage 1s measured by the
voltmeter.

Eventually, based on the thus measured voltage, both the
static friction coeflicients i, and the kinetic friction coefli-
cient u are calculated. Since the degree of each of the static
friction coeflicient u, and the kinetic friction coeflicient u
varies on the basis of the degree of the surface irregularity
of the silicon layer 11, it 1s possible to evaluate the degree
of the surface irregularity of the silicon layer 11 on the basis
of a value of each of the static friction coeflicient i, and the
kinetic friction coeflicient u# by previously finding out the
relationship between the degree of the surface wrregularity
and each of the static friction coetficient u, and the kinetic
friction coeflicient u.

FIG. 2 1s a characteristic diagram showing the measure-
ment results of voltage generated by the piezoelectric ele-
ment when the trailer 203 slides on the surface of the silicon
layer 11 1n a condition 1n which the hemispherical grains are
formed 1n the surface of the silicon layer 11. In this diagram,
a y-axis shows 1n linear scale both the generated voltage
(mV) of the piezoelectric element 205 and the velocity v
(mmy/sec) of the trailer 203, while an x-axis shows in linear
scale the elapsed time (any time unit) after start of the motor
210. The voltages are measured by the use of the measuring,
apparatus shown 1n FIG. 1. In measuring the voltages the
motor 201 1s controlled in rotational speed 1n a manner such
that the trailer 203 moves at a constant velocity.
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Further, 1in FIG. 2, generated voltage VAO and VAL of the
piezoelectric element 205 correspond to those of the static
friction coeflicient i, before and after formation of the
hemispherical grains, respectively. On the other hand, the
other generated voltages VBO and VBI1 appearing 1n a range
where the velocity v of the trailer 203 reaches a predeter-
mined value correspond to those of the kinetic friction
coellicient ¢ before and after formation of the hemispherical

orains, respectively. Incidentally, any of these friction coet-
ficients are proportional to a voltage generated 1n the piezo-
electric element 205. As 1s clear from FIG. 2, once the
hemispherical grains are formed, the thus formed hemi-
spherical grains reduce the generated voltage of the piezo-
electric element 205, and reduce the Iriction coeflicient.
Both the static and the kinetic friction coeflicient show the
same tendency. Incidentally, FIG. 2 shows the measurement
results 1n a condition 1n which the silicon layer 11 provided
with the hemispherical grains 1s sufficiently larger 1n area
than the contact surface of the trailer 203.

In contrast with this, when the surface of the silicon layer
11 provided with the hemispherical grains 1s smaller 1n area
than the contact surface of the trailer 203 and an 1mmense
number of the small-area silicon layers 11 become united to
form a surface, 1t 1s necessary for the measuring apparatus
to compensate for a difference 1n the generated voltages due
to a difference 1n pattern arca. For example, 1n case that the
trailer 203 with a contact area of 1000 4 mx2000 um 1s used
and that an 1immense number of patterns each with an area
of approximately 1 umx1 um are widely disposed, it is
possible to compensate for a difference i the generated
voltages by using, as a coeflicient, an area ratio of the entire
surface area to a total area of all the patterns.

FIG. 3 1s a graph showing the relationship between the
capacitance of the capacitor and the generated voltage of the
piezoelectric element 205 when the hemispherical grains
vary 1n density due to variations 1n exposure period of time
in an S1,H. gaseous atmosphere. The generated voltage of
the piezoelectric element 205 corresponds to the kinetic
friction coetficient ¢. In the graph shown 1n FIG. 3, a y-axis
shows 1n linear scale an increase rate 1n capacitance of the
capacitor, while an x-axis shows 1n linear scale the generated
voltage of the piezoelectric element 205. The increase rate of
capacitance 1s determined on the basis of a capacitance
obtained at a time when the capacitance insulation film 1s
formed on a flat surface of a stacked electrode.

As 1s clear from FIG. 3., immediately after exposure to the
S1,.H. gaseous atmosphere, the generated voltage of the
piczoelectric element 205 shows a large value. This 1s
probably because the hemispherical grains are not formed so
that the friction remains at a large value. Further exposure to
the S1,H,. gaseous atmosphere causes the generated voltage
of the piezoelectric element 205 to rapidly decrease. In other
words, this 1s probably because the hemispherical grains are
formed to reduce the friction. In contrast with this, still
further exposure to the S1,H, gaseous atmosphere causes the
cenerated voltage of the piezoelectric element 205 to
increase. This 1s probably because of the hemispherical
grains increase to cause the friction to increase.

At this time, a surface area “A” of the silicon layer 11
Increases 1n proportional to the size and the density of the
hemispherical grains. As for the capacitance C, as shown 1n
the following equation (3), it is proportional to the above
surface areca “A’:

C=c,cAll (3)
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Where: t 1s a film thickness of the capacitance insulation
film;

€, 15 a dielectric constant of a vacuum; and

€ 1s a relative dielectric constant of the capacitance

insulation film.

Further, the kinetic friction coeflicient 1s also proportional
to both the size and the density of the hemispherical grains.
Due to this, a proportional relationship between the capaci-
tance and the generated voltage of the piezoelectric element
2035 1s obtained.

Namely, 1n a condition 1n which the hemispherical grains
are formed and the relationship between the capacitance and
the generated voltage of the piezoelectric element 205 1s
previously known, 1t 1s possible to indirectly measure the
capacitance C by measuring the generated voltage of the
piezoelectric element 205 without directly measuring the
capacitance C, so long as the same pattern 1s used.

Further, 1f necessary, based on the capacitance C, it 1s
possible to calculate the surface area “A” of the silicon layer
11 by using the following equation (4):

A=C-t/{ey€) (4)

As described above., 1n this embodiment, only by moving
the trailer 203 on the surface of the test specimen to measure
the generated voltage of the piezoelectric element 205, 1t 1s
possible to evaluate both the capacitance C and the surface
arca “A” of the silicon layer 11 1n an easy manner.

Further, since no light 1s used 1n the above, there 1s no
error derived from reflection. Due to this, it 1s possible to
carry out precise measurement, which 1s free from any
influence of a material being measured, 1.e., of the test
specimen.

Incidentally, since the test specimen has its surface
brought 1nto physical contact with the trailer 203, there 1s a
fear that the surface of the test specimen i1s physically
damaged. However, this fear can be avoided using the trailer
203 with a moderate weight, which 1s moved at a moderate
velocity v.

Referring now to FIGS. 4(a) to 7, there 1s shown a method
for fabricating a DRAM using the method of evaluation of
this embodiment, which will be described.

First, the DRAM will be described 1in construction. As
shown in FIG. 7, in the DRAM, formed 1n the following
order of mention on the interlayer insulation film 309 of the
device forming substrate 317 provided with the insulation
cgate fleld etfect transistor, bit line 308, word line 3045 and
like components are: the capacitor 318; the interlayer 1nsu-
lation film 314; the aluminum wiring 315; and, the cover
insulation film 316. The capacitor 318 has its stacked
clectrode 311 brought into contact with the source/drain
diffusion region 3054 through the contact hole 310, which 1s
formed 1n the interlayer insulation films 306, 309.

The device forming substrate 317 1s constructed of: an
SOI substrate 301, comprising a support substrate 21, an
insulation layer 22, and a device forming semiconductor
layer. 23; a device 1solating 1nsulation film 302 disposed on
the SOI substrate 301; a gate 1nsulation film 303 and a gate
clectrode 304a both disposed on the device forming sub-
strate 23 between the device 1solating msulation films 302;
a gate wiring (i.e., word line) 304b disposed on the device
1solating 1nsulation film 302; source/drain diffusion regions
305a, 305b disposed on the surfaces of the device forming,
semiconductor layers 23 disposed in opposite sides of the
cgate electrode 304a; an interlayer msulation film 306 cov-
ering both the gate electrode 304a and the gate wiring 304b;
the bit line 308 connected with the source/drain diffusion
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region 305b through a contact hole 307 of the interlayer
insulation film 306; and, the interlayer insulation film 309
disposed on the bit line 308.

The capacitor 318 of the above DRAM 1s constructed by
stacking the following components 1n the order of mention:
namely, the stacked electrode 311 formed of an amorphous-
Si film (hereinafter referred to as the a-Si film) 4; a capaci-
tance insulation film 312 formed of both an Si1;N, film and
an S10, film; and, a counter electrode (i.e., cell plate
electrode) 313. Formed on a surface of the a-Si film 24 of the
stacked electrode 311 are the hemispherical grains 25.

In fabricating the DRAM having the above construction,
first, as shown in FIG. 4(a), after a device 1solating insula-
tion film 22 formed of a silicon oxide film on a device
forming semiconductor layer 21 1s formed, the gate 1nsula-
tion film 303 1s formed on the device forming semiconductor
layer 21. Formed on this gate insulation film 303 1s the gate
clectrode 304a. Then, an 1on 1implantation process 1s carried
out to form the source/drain diffusion regions 305a, 3055
cach with a high concentration of an impurity 1n the device
forming semiconductor layer 21 disposed in the opposite
sides of the gate electrode 304a. After that, by using a CVD
(i.e., Chemical Vapor Deposition) process, the contact hole
307 for connecting the source/drain region 3055 to the
interlayer insulation film 306 on this source/drain region 305
1s formed. Then, by using the CVD process, the a-S1 film
with a phosphorus concentration of 3x10°° atoms/cm” is
deposited. Thereafter, the entire surface 1s etched by the dry
ctching process. As a result, the contact hole 307 1s filled
with the a-S1 film to form a buried layer 308a.

Then, by using an RF sputtering process, a tungsten
silicide film with a film thickness of approximately 100 nm
1s deposited. Subsequent to this, by using both the photoli-
thography process and the dry etching process, patterning of
the tungsten silicide film 1s carried out to form the bit line
308 brought 1nto contact with the buried layer 308a. Then,
by using the CVD process, the interlayer insulation film 309
1s formed. Through the above processes, the device forming
substrate 317 1s formed.

Next, as shown 1n FIG. 4(b), by using both, the photoli-
thography process and the dry etching process, patterning of
the 1nterlayer insulation films 309, 306 1s carried out to form
the contact hole 10 which reaches down to the source/drain
diffusion region 305a of the transistor. Subsequently, by
using the CVD process, another one 244 of the a-S1 film with
a phosphorus concentration of 3x10°” atoms/cm” is formed
on the interlayer insulation film 309. This a-S1 film 24a 1s
filled also i the contact hole 310. Then, as shown 1n FIG.
5(a), by using both the photolithography technique and the
dry etching technique, pattering of the a-Si film 24a 1is
carried out to form a stacked electrode. The a-S1 film 24
assuming a shape of the stacked electrode 1s brought into
contact with the source/drain diffusion region 3054 through
the contact hole 310.

After that, by using the following process, the hemispheri-
cal grains are formed 1n the surface of the a-Si film 24. In
other words, first, the a-S1 film 4 has 1ts surface exposed to
a liquid mixture prepared 1n the proportions of 1 part HF and
100 parts water (i.e., HF:H,0=1:100), so that, when a
natural oxide film exists in the surface of the a-Si1 film 24,
such natural oxide film 1s removed.

Subsequently, the a-S1 film 24 1s exposed to the Si,H,
gaseous atmosphere for 3 minutes at a pressure of 1 mTorr.
Due to this, fine seed crystals are formed 1n the surface of the
a-S1 11lm 24. Then, 1n a condition in which a temperature of
570° C. is kept, an annealing treatment is applied for 10
minutes 1n an atmosphere of nitrogen, which causes silicon
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atoms to move through migration so as to gather around each
of the seed crystals, whereby the hemispherical grains (i.e.,
irregularity) 25 are formed.

After that, the trailer 203 of the measuring apparatus
shown 1 FIG. 1 1s brought into contact with the surface of
the device forming substrate 317 provided with the a-S1 film
24 having the hemispherical grains 25, and 1s then moved to
measure the generated voltage of the piezoelectric element
205. Subsequently, as described above, by using the graph of
FIG. 3, both the capacitance C and the surface area “A” o:
the silicon layer 11 are evaluated on the basis of such
generated voltage of the piezoelectric element 205. When
the capacitance C and the surfaced area “A” of the silicon
layer 11 are within a desired range, it 1s judged that the
stacked electrode 311 1s completed. Then, the subsequent
step 1s carried out.

Now, in an atmosphere of ammonia (i.e., NH;), at a
temperature of 1000° C., a heating treatment is carried out
for 1 minute to realize thermal nitriding of the surface of the

a-S1 11lm 24 having the hemispherical grains 25. Further, by
the CVD process using NH, and S1H,CL,, an S1,N, film 1s

formed.

Then, in an atmosphere of hydrogen and oxygen, at a
temperature of approximately 900° C., a thermal oxidation
treatment 1s applied to form an S10,, film on the S1;N, film.
As aresult, as shown in FIG. 6(a), the capacitance insulation
f1lm 312 constructed of both the S1;N, film and the S10,, film
is formed. Subsequent to this as shown in FIG. 6(a), by using
the CVD process, the a-S1 film with a phosphorus concen-
tration of 3x10°° atoms/cm’is formed on the capacitance
insulation film 312. The thus formed a-S1 film forms a cell
plate electrode 313. Through the above processes, the
capacitor 318 constructed of the stacked electrode 311,
capacitance 1nsulation film 312, and the cell plate electrode
313 1s formed.

Then, by using the CVD process, a BPSG film forming,
the interlayer insulation film 314 1s formed. Subsequent to
this, by using the RF process, an aluminum film 1s formed
on the imterlayer insulation film 314. After that, by using
both the photolithography technique and the dry etching
technique, the aluminum wiring 315 1s formed.

Then, by using the plasma CVD process, an S10, film
forming the cover insulation film 316 1s formed. Due to this,
as shown 1n FIG. 7, the DRAM having the capacitor 318
with, a desired capacitance 1s completed.

As described above, according to the method for fabri-
cating the DRAM of this embodiment, 1t 1s possible to
ecvaluate 1n an easy manner both the capacitance C and the
surface area “A” of the stacked electrode 311 through
measurement with a sufficient accuracy, while the measure-
ment 15 not influenced by a material being applied. Further,
since there 1s not used any light and any liquid chemicals, the
surface of the test specimen 1s free from any chemical
deterioration. Due to this, 1t 1s possible to prevent the
transistors such as the DRAMSs and the like from deterio-
rating 1n properties. Consequently, when this method of
evaluation 1s applied to the mass production of the DRAMs,
it 1s possible to mass-produce the DRAMSs which are uni-
form 1n properties and quality with each other. In each of the
DRAMs thus mass-produced, the capacitor 318 with a
predetermined capacitance value can be reproduced.
Regarding a Second Embodiment of the Present Invention

Now, with reference to FIGS. 8 to 10(a), the second
embodiment of the present invention will be described.

In this second embodiment, a fluid or test liquid 1s
dropped at the surface of the test specimen to use the
relationship between: the degree of an inclination angle in
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surface of the test specimen at a time when the thus dropped
test liquid begins to flow on the above surface; and, the
degree of the static friction coeflicient .

More particularly, by keeping constant in mass (or,
welght) the test liquid resting on the surface of the test
specimen, 1t 1s possible to have a tangent of the inclination
angle 0  of the test specimen relative to a horizontal plane
be proportional to the static friction coetficient u,, as shown
in the following equation (5):

F=pyNliq (5)

Where: Nliq is a normal force (=mliq-g );
o 15 a gravitational acceleration;

ity 1s a static friction coefficient (=tan0_); and

0_ 1s an inclination angle 1n surface of the test specimen
relative to a horizontal plane at a time when the test
liguid on the surface begins to flow.

In this second embodiment of the present invention, since
the test liquid 1s used, 1t 1s difficult to find out a value of the
static friction coeflicient. Due to this, the degree of 1rregu-
larity in surface (hereinafter referred to as the surface
irregularity) of the test specimen is relatively or absolutely
evaluated 1n connection with the degree of the inclination
angle O_ 1n surface of the test specimen. However, 1n
absolutely evaluating the surface irregularity, it 1s necessary
to previously find out the relationship between: the inclina-
tion angle 1n surface of the test specimen; and, the degree of
the surface irregularity, and evaluate the surface irregularity
under the same conditions as used in finding out the above
relationship.

FIG. 8 1s a schematic diagram showing in construction the
measuring apparatus of this embodiment used in the method
for evaluating a surface of metal. As shown in this drawing,
the measuring apparatus 1s substantially constructed of: a
sample table 401 on which a measuring sample (i.e., sample
to be measured) 407 is fixedly mounted; a driving means 403
constructed of a stepping motor 33, gears 32a and 32b, and
a screw 31 moved up and down through rotational move-
ment of the gear 324; a nozzle (for dropping a fluid or test
liquid) 404; and, a CCD (i.e., Charge Coupled Device)
image sensor 406.

Now, a method for monitoring the surface of metal
through the measuring apparatus having the above construc-
tion will be described.

First, the measuring sample 407, on which a metal film
with a surface urregularity 1s formed, 1s put on the sample
table 401. Next, as the test liquid 405, mercury 1s dropped
off from the nozzle 404 to the metal film with the surface
irregularity 1n a manner such that a mass of the test liquid
405 thus dropped 1s always kept at the same value. After
that, the CCD 1mage sensor 406 monitors the location of the
test liquid 405 on the surface of the metal film. Then, the
stepping motor 33 1s energized to rotate so that the sample
table 401 has one of its opposite sides moved up or down,
where by the sample table 1s gradually inclined. When the
sample table 401 reaches a predetermined value of the
inclination angle 0O_, the test liquid 405 begins to flow on the
metal film.

Such predetermined value of the inclination angle 0 1s
determined on the basis of a rotation angle of the stepping
motor 33. After that, based on this value of the inclination
angle 0 , the surface rregularity 1s evaluated.

FIG. 9 1s a graph showing an example in which the
correlation between: a substrate temperature at a time when
the aluminum film 1s formed; and, the value of the inclina-
tion angle O, (or, static friction coefficient) of the sample
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table 401 1s known. In this graph, a y-axis shows 1n linear
scale the inclination angle O _ () of the sample table 401,
while an x-axis shows 1n linear scale the film-forming
temperature (° C.).

By using the RF (i.e., Radio Frequency) sputtering
process, the aluminum {film 1s formed at a temperature
varying from 100 to 400° C. At this time, as the test liquid
405, mercury 1s used. As 1s clear from FIG. 9, as the
substrate temperature at a time when the film 1s formed
increases, the surface wrregularity of the aluminum film
increases 1n size. It has been found that the surface irregu-
larity of the aluminum film reaches 1ts minimum size at the
substrate temperature of 100° C., at which the inclination
angle O_ or the static friction coetficient g, reaches its
minimum value within a range of the substrate temperature
having been experimented. As a result, 1t has been found that
the aluminum film with small-size surface irregularity is
formed at a temperature of 100° C.

Now, with reference to FIGS. 4(a) to 10(b), the method
for fabricating the DRAMSs using the method of evaluation
of this embodiment will be described. First, by using the RF
sputtering process, the substrate temperature 1s varied to
form the aluminum film, so that the correlation between: a
value of the substrate temperature at a time when the
alumimnum film 1s formed; and, a value of the inclination
angle 0. of the sample table 401 at a time when the test
liquid 405 begins to flow on the surface of the aluminum
f1lm 1s previously obtained. When the substrate temperature
is varied within a range of, for example, from 100 to 400°
C., the graph of FIG. 9 1s obtained. Preferably, the substrate
temperature 1s varied 1n 1ts range according to the type of a
f1lm being measured. Further, it 1s necessary to select the test
liquid 405 of a type having hydrophobic properties relative
to the surface of the test specimen. In other words, the test
liquid thus selected does not wet the surface of the test
specimen, and 1s good in fluidity. Then, the same process
steps as those (shown in from FIG. 4(b) to FIG. 6(b)) are
carried out. Thereafter, the interlayer insulation film 314 1s
formed on the cell plate electrode 313.

Subsequently, based on the results of monitoring as shown
in FIG. 9, a value of the substrate temperature 1s determined
so as to form the surface rregularity optimum 1n size on the
surface of the aluminum film. Up to this value of the
substrate temperature thus determined, the device forming
substrate 1s heated. Then, the aluminum film 315 with a film
thickness of 200 nm 1s deposited onto the interlayer insu-
lation film 314 by using the RF sputtering process.
Subsequently, as shown in FIG. 10(a), by using the photo-
lithography process and the dry etching process, the alumi-
num {ilm 3154 1s treated and formed into the aluminum
wiring 315. After that, by using the plasma CVD process, the
interlayer insulation film 316 i1s formed, whereby the
DRAMSs are produced.

As described above, 1n this embodiment, 1t suthices to filt
the sample table 401 and find out its inclination angle O at
which the test liquid 405 having been dropped at the surface
of the test sample 407 begins to flow. Consequently, mea-
surement of the inclination angle O_ 1n this embodiment is
very simple 1n operation. Further, since no light 1s used,
there 1s no measurement error caused by reflection of light,
which makes 1t possible to carry out a necessary measure-
ment with sufficient accuracy not influenced by the material
being applied.

Although the embodiments of the present invention have
been described in detail with reference to the drawings, the
present invention 1s not limited to these embodiments only.
Any modifications and changes not departing from the spirit
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of the present invention are also included 1n the scope of the
present invention. For example, as for the first embodiment,
though the surface wrregularity of the test specimen 1is
evaluated by the use of the kinetic friction coeflicient, it 1s
also possible to use the static friction coefficient in addition
to the kinetic friction coeflicient. Further, though quartz is
used 1n the contact surface of the trailer 203, 1t 1s also
possible to use any other suitable materials such as diamond
highest 1n hardness, organic materials low 1n hardness and
like materials 1n addition to quartz. Furthermore, 1t 1s also
possible to use a fingertip with which the surface 1s rubbed,
provided that any quanfitative determination of the surface
irregularity 1s not required. Further, through the present
invention 1s used 1n evaluating the degree of the surface
irregularity of the a-Si1 film 24, 1t 1s also possible to use the
present invention 1n evaluating the surface irregularity of
any other material films such as semiconductor films, metal
f1lms, alloy films, metal silicide films insulation films, or like
f1lms.

On the other hand, 1in the second embodiment of the
present 1nvention described above, through the surface
irregularity of the aluminum film 3154 1s evaluated, 1t 1s also
possible to evaluate any other material films such as metal
films, alloy films, metal silicide films, or semiconductor
films 1n addition to the aluminum films. Further, 1t 1s also
possible to evaluate the surface irregularity of insulation
films. Further, through mercury 1s used as the test liquid 4035,
in measuring the surface irregularity of the aluminum film
315a, 1t 1s also possible to use any other suitable test liquid
in addition to mercury. For example, in measuring the
surface 1rregularity of the silicon film, preferably, pure
water, or a mixture of hydrofluoric acid and water 1s used as
the test liquid 405.

Further, when the test liquid 405 wets the sample being
measured to make 1t difficult to carry out the measurement,
it suffices to change 1n properties the surface 1nto a non-
wettable one. For example, 1t 1s preferable to coat the surface
with a high molecular material having a suitable thickness
by which the surface irregularity 1s not influenced.

The effect of the present invention 1s as follows: namely,
as described above, 1n the present mvention 1n construction,
a force applied to the test specimen or the plate-like element
203 when the test specimen or the plate-like element 203 1s
moved from rest in a condition 1n which the surface of the
test specimen 1s brought into contact with the contact surface
of the plate-like element 203 1s detected, which makes 1t
possible to determine the friction coeflicient of the surface of

the test specimen or a parameter corresponding to the
friction coefficient.

Since both the kinetic and the static friction coeflicient
vary 1n accordance with the degree of the surface irregularity
of the test specimen, it 1s possible to evaluate the degree, 1.¢.,
size and density of the surface irregularity of the test
specimen by measuring the friction coefficient or a param-
eter corresponding to the friction coefficient. Namely, it 1s
possible to evaluate the surface irregularity in size and
density of the test specimen in an easy manner by detecting
the force required to move the plate-like element 203 on the
surface of the test specimen and converting the thus detected
force mto the friction coeflicient of the surface of the test
specimen, or 1nto the parameter corresponding to the friction
coellicient. When the capacitor electrode 1s used as the test
specimen, the surface wrregularity of the test specimen in
both size and density directly corresponds to the capacitance
and the surface area of the silicon layer, which makes it
possible to reproduce the capacitance of the capacitor with-
out fail.
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Further, when the conductive film or the insulation film 1s
used as the test specimen, it 1s possible to evaluate the degree
of the surface wrregularity of the conductive film or of the
insulation film. Consequently, 1t 1s possible to properly
control their film forming conditions. Further, in contrast
with the prior art, 1n the present invention, since any light 1s
not used, there 1s not any measurement error caused by
reflection of light, which makes 1t possible to realize a
suflicient measurement accuracy and also makes it possible
to avoild any interference caused by the material being
applied. In addition, since any liquid chemicals and light are
not used, 1t 1s possible to use the present invention in
evaluating the surface irregularity of the semiconductor
device without any fear of influence on the characteristics of
the device. Consequently, 1t 1s possible to use the present
invention 1n mass-producing the devices.

Further, according to the other construction of the present
invention, 1t 1s possible to evaluate the static friction coel-
ficient of the surface of the test specimen by: dropping off
the fluid at the surface of the test specimen; tilting the test
specimen; and, measuring the inclination angle of the test
specimen, at which angle the fluid on the surface begins to
flow. Namely, since the fluid 1s stmply dropped off at the
surface of the test specimen and then the test specimen 1is
filted to measure the inclination angle thereot, it 1s possible
to evaluate the degree of the surface wrregularity of the test
specimen 1n an €asy manner. In this case, when the stepping
motor 1s used as the driving means for tilting the test
specimen, the 1nclination angle of the test specimen can be
casily determined by detecting the rotation angle of the
stepping motor. Further, when the surface of the test speci-
men 15 wettable, 1t 1s difficult for the fluid having been
dropped off at the surface of the test specimen to flow on
such surface. Consequently, 1t 1s preferable to change in
properties the surface of the test specimen nto a non-
wettable one by coating the surface with a high molecular
material {1lm.

It 1s thus apparent that the present invention is not limited
to the above embodiments but maybe changed and modified
without departing from the scope and spirit of the mnvention.

What 1s claimed 1s:

1. A method of evaluating a capacitance value of a

capacitor on a semiconductor substrate, comprising the steps
of:

measuring a static friction coefficient or a kinetic friction
coellicient of a surface of an electrode of said capacitor
formed on said semiconductor substrate; and

evaluating a capacitance value of said capacitor based on
the measured friction coetficient.
2. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1n claim
1, wherein:

the surface of said electrode 1s made up of a surface of a

semiconductor film having hemispherical grains.

3. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1n claim
2, wherein said step of measuring the friction coefficient
comprises the steps of:

mounting a contact surface of a plate-like element 1nto
contact with the surface of said electrode;

moving, from rest, said electrode across said plate-like
clement or said plate-like element across said electrode,
while said contact surface of said plate-like element 1s
1n contact with said surface of said electrode; and

detecting a force received by said electrode or by said
plate-like element as a result of said moving,
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whereby a static friction coefficient or a Kinetic friction

coellicient 1n the surface of said electrode 1s measured.

4. The method of evaluating a capacitance value of a

capacitor on a semiconductor substrate, as set forth 1n claim
7, wherein:

the surface of the electrode evaluated 1s a surface of a
conductive film or of an insulation film, formed on the
semiconductor substrate;

wherein said step of evaluating a capacitance value
includes evaluating surface irregularity size or density.
5. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1n claim
3, wherein the force detected in said step of detecting a force
received by said electrode or by said plate-like element 1s
proportional to a force inducing movement in said step of
moving, from rest, said electrode across said plate-like
clement or said plate-like element across said electrode.

6. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1n claim
2, wherein said step of measuring the friction coefficient
comprises the steps of:

dropping a fluid onto the surface of said electrode;
tilting said electrode;

sensing when fluid begins to flow across the surface of the
clectrode, caused by said tilting of said electrode; and

measuring an inclination angle at which said fluid begins
to flow,

whereby a static friction coeflicient in the surface of said
clectrode 1s measured.
7. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1n claim
2, wherein:

the surface of the electrode evaluated 1s a surface of a

conductive film or of an 1nsulation film, formed on the
semiconductor substrate;

wherein said step of evaluating a capacitance value

includes evaluating surface irregularity size or density.

8. The method of evaluating a capacitance value of a

capacitor on a semiconductor substrate, as set forth 1n claim

1, wherein said step of measuring the friction coeflicient
comprises the steps of:

mounting a contact surface of a plate-like element into
contact with the surface of said electrode;

moving, {rom rest, said electrode across said plate-like
clement or said plate-like element across said electrode,
while said contact surface of said plate-like element 1s
in contact with said surface of said electrode; and

detecting a force received by said electrode or by said
plate-like element as a result of said moving,

whereby a static friction coefficient or a Kinetic friction

coellicient 1n the surface of said electrode 1s measured.

9. The method of evaluating a capacitance value of a

capacitor on a semiconductor substrate, as set forth 1n claim

7, wherein said step of measuring the friction coeflicient
comprises the steps of:

dropping a fluid onto the surface of said electrode;
tilting said electrode;

sensing when fluid begins to flow across the surface of the
clectrode, caused by said tilting of said electrode; and

measuring an inclination angle at which said fluid begins
to flow,

whereby a static friction coeflicient in the surface of said
clectrode 1s measured.
10. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1in claim
9, wherein:
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the surface of the electrode evaluated 1s a surface of a
conductive film or of an 1nsulation film, formed on the
semiconductor substrate;

wherein said step of evaluating a capacitance value

includes evaluating surface irregularity size or density.

11. The method of evaluating a capacitance value of a

capacitor on a semiconductor substrate, as set forth 1n claim
8, wherein:

the surface of the electrode evaluated 1s a surface of a
conductive film or of an mnsulation film, formed on the
semiconductor substrate;

wherein said step of evaluating a:capacitance value
includes evaluating surface irregularity size or density.
12. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1n claim
8, wherein the force detected 1n said step of detecting a force
received by said electrode or by said plate-like element 1s
proportional to a force inducing movement 1n said step of
moving, from rest, said electrode across said plate-like
clement or said plate-like element across said electrode.
13. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1in claim
1, wherein said step of measuring the friction coeflicient
comprises the steps of:

dropping a fluid onto the surface of said electrode;
tilting said electrode;

sensing when fluid begins to flow across the surface of the
clectrode, caused by said tilting of said electrode; and

measuring an inclination angle at which said fluid begins
to flow,
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whereby a static friction coeflicient in the surface of said
clectrode 1s measured.
14. The method of evaluating a capacitance value of a
capacitor on a semiconductor substrate, as set forth 1n any
one of claims 13 or 6, inclusive, wherein:

the surface of the electrode evaluated i1s a surface of a
conductive film or of an 1nsulation film, formed on the
semiconductor substrate;

wherein said step of evaluating a capacitance value

includes evaluating surface irregularity size or density.

15. The method of evaluating a capacitance value of a

capacitor on a semiconductor substrate, as set forth 1n claim
1, wherein:

the surface of the electrode evaluated i1s a surface of a
conductive film or of an 1nsulation film, formed on the
semiconductor substrate;

wherein said step of evaluating a capacitance value

includes evaluating surface irregularity size or density.

16. The method of evaluating a capacitance value of a

capacitor on a or substrate, as set forth 1in claim 1, further
comprising, before said step of measuring, the step of:

forming said electrode, comprising a step of:
forming hemispherical grains on a sesmiconductor film,

wherein the surface of said electrode which 1s measured
in said step of measuring 1s a surface of the semicon-
ductor film having the hemispherical grains.
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